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ABSTRACT 

The scope of this thesis is to explore the relation between 

the weekly temperature anomaly at a test location and the general 

temperature anomaly pattern for the preceding week. Since the 

general pattern of circulation of a given week has a close re• 

lationship to that of the preceding week, and because the circulation 

pattern establishes the temperature anomaly pattern, it seems 

logical to infer that the temperature anomalies of two consecutive 

weeks are correlated. Moreover, as far as the properties of air 

mass are concerned, temperature is the more conservative property. 

A test location is chosen and twenty to thirty other stations 

in an evenly scattered network around the United States are used 

in representing the temperature anomaly pattern during the preceding 

week. The weekly temperature distribution curves are then prepared 

for each station and a division into five ranges or categories is 

made. Contingency tables are then prepared showing the relation 

between the temperature anomalies of the test station and those 

of each network station during the preceding week. The mean 

number of matches are found and the standard deviation computed. 

The difference between the 100an number of matches and actual number 

of matches divided by standard deviation gives the normal deviate. 

There exists a positive correlation if the normal deviate is positive 

and vice versa. 

Using the calculated normal deviate at each of the network 

stations a contour map of this number is drawn. The result is in­

terpreted on a synoptic basis. If some parts are inconsistent 

from the viewpoint; of synoptic considerations, then those parts are 
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disregarded as a forecasting basis. 

In practical application, the relationships would be established 

for a large number of test or key stations and thus a weekly forecast 

temperature anomaly pattern c·ould be made. 
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INTRODUCTION 

Many contributions have been made in an endeavor to throw 

light on the problem of long range weather forecasting. These contri­

butions cover studies in a variety of fields such as solar radiation, 

atmospheric ozone content, ice and snow cover, ocean currents, mean 

circulation, analogues, periodicities and recurrences, statistical 

relations, etc. However, as forecast verifications indicate, the 

science of applied meteorology is still in a rather primitive stage. 

The handicap is that we do not have an exact knowledge of the process 

of heat exchange and dynamics of the atmospheric motion. Moreover, the 

complexity of the combination of various weather factors increases the 

difficulty of forecasting the future weather. Up to now there is no 

pure kinematic-hydromechanic approach in any of the known techniques of 

weather forecasting. It is believed that nearly· all the methods de­

veloped are more or less based on probability basis, either directly or 

indirectly. 

The best methods so far developed are weather type method and 

mean circulation method. 

In the weather type method (1) the ideal type somewhat corre­

sponds with the expected value of a certain population in the statistical 

point of view. When we make a forecast, we carefully pick out an 

analogue which matches well with current maps and follow it so that the 

probability of the forecasted weather deviating from the observed value 

is mini.mum. The same is true for mean circulation method (2). From 

the circulation indices calculated from the current weather data we try 



to figure by the trend what the indices of circulation will most probably 

be. The simple technique of forecasting an index is to consider its 

departure from normal and assume that the forthcoming change will be 

in the direction of the normal. No matter how sound our physical inter­

pretation or empirical rules which are used in determining the trend, we 

can never expect that the forecast we made will verify one hundred per 

cent, because a trend is only a trend which tells us nothing more than 

a ·favorable probability. 

The scope of this paper is to find the relation between 

temperature anomalies of two consecutive weeks. It is purely a sta­

tistical approach. Since the pattern of circulation of this week has a 

close relation with that of last week and change of temperature is due 

to change of circulation, it seems logical to say that the temperature 

anomalies of two consecutive weeks are highly correlated. Moreover, as 

far as the properties of air mass are concerned, temperature is more 

conservative than anything else. Choose a certain location as a princi­

pal station and twenty to thirty other stations evenly scattered around 

the United States. Classify the temperature anomalies into five cate­

gories as follows: 

(a) Well above normal (10°F. and above) 

(b) Above .normal (+ 4°F. to+ 9°F.) 

(c) Near normal(+ J°F. to - 3°F.) 

(d) Below normal (- 4 °F. to - 9°F.) 

( e) Far below normal ( - l0°F. and below) 
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Then use the matching technique to calculate the relation between the 

temperature anomaly at the principal station and the temperature 

anomaly during the preceding week at other stations. Using the calcu­

lated resultant normal deviate at each of the stations we draw the 

contour lines on a map. By the trend of those contour maps we can 

forecast the temperature anomaly at the principal station. We may choose 

different locations as the principal stations so that we can get the 

temperature anomalies around the whole United States. The contingency 

tables, normal deviates, etc., will be discussed in more detail later. 
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BRIEF STUDY OF TEMPERATURE ANOMALIES OVER NORTH AMERICA 

The change of temperature day to day or week to week is mainly 

due to exchange of air masses. The distribution of different air masses· 

frequenting different zones is shown in Fig. 1. The boundaries of these 

zones are arbitrarily chosen. Wherever the temperature anomaly goes 

down far below normal it is solely due to Pc outbreaks. As for the 

other four categories of temperature anomalies the causes are due to 

different combinations of air masses. 

In zone I if the Pp high cell oomes down over the Rocky 

Mountains of British Columbia the temperature anomaly wilJ. be below 

normal. If the Pp air comes in from the ocean with frontal activity 

the anomaly will be either above normal or well above normal, according 

to the activity of the associated fronts. Pp air combined with Pc will 

result · either in above normal, near normal or below normal, depending 

upon ratio of the two air masses. Night radiationa.l cooling will mal(e 

the temperature of Pp air below normal. In case of overcast the night 

radiation is hindered and the temperature will be normal. Zone II is 

nearly the same as zone I except that the Tp air often comes into this 

area and makes the temperature above normal or well above normal, 

according to the activity of the associated fronts. 

In zone III, Pp air with the aid of foehn action always makes 

the temperature well above normal. RPc whose path is confined to conti­

nent will make the temperature near normal or above normal. The com­

bination of Pp, Pc and returning Pc may make the temperature above normal, 

below normal, or near norm.al according to the distribution of the duration 
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of each air mass during the period. In zone IT the fo ehn effect on Pp 

is not so strong as in zone III, but anyhow Pp is associated with above 

normal temperatures. Sometimes the warm Tp or Pp with frontal activity 

runs down the slope of Rocky Mountains and causes the temperature to be 

well above norm.al. Tg air invades this area when and only when an active 

cyclone comes from zone II and is intensified in this area; in that case 

the anomaly will be well above. The condition of the combination of warm. 

and cold air masses is the same as in other areas. 

In zone V, Pc and RPc are predominant. Occasionally Pp air 

invades this area as in B and Bs (5) types. The returning Pc may either 

come from the south or from the east. Under continuous invasion of RPc 

or Pp into this area the temperature will become well above normal. It 

will be above, below or near the normal when the warm RPc and Pp are 

compensated by varying amounts of cold Pc. When the center of the Pc 

high locates over Ontario, the RPc is rather cold so the temperature will 

be near normal. Pa is an infrequent visitor to the United States, and 

its temperature is slightly warmer than Pc. In zone VI, if there is no 

snow cover on the ground, a continuous invasion of Tg, Ta or RPc will 

ma.'ke the temperature well above normal. It will be above normal if there 

is snow cover on the ground. Sometimes a trapped Pc high stagnates over 

this area and will make ·the temperature either below or far below normal. 

Pp air in this area will make the temperature near normal. The condition 

of compensation of temperature of mixed air masses is the same as in other 

areas. 

Since the frequency distribution of invasions of air masses in 

different areas are different, so are the frequencies of temperature 
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anomalies. Table I gives the number of each category in 159 weeks for 

25 stations. 

Table I 

Name of Station Tll Tl2 Tl3 Tl4 Tl5 

Boston 9 29 76 33 12 

Richmond 6 35 72 29 17 

Charleston 7 32 71 32 17 

Tampa 10 31 72 33 13 

Pensacola 10 30 73 28 18 

Shreveport 11 40 61 27 20 

San Antonio 9 35 80 22 13 

Nashville 11 33 63 29 23 

Cleveland 13 44 54 29 19 

Chicago 22 34 54 28 21 

Sault St. Marie 21 45 55 24 14 

Duluth 37 29 40 32 21 

Topeka 30 33 46 30 20 

North Platte 39 44 32 24 20 

Bismarck 50 28 29 26 26 

Havre 49 33 29 18 30 

Lander 26 44 48 24 17 

Pueblo 29 40 51 27 12 

Amarillo 23 46 61 16 13 

El Paso 3 49 90 15 2 
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Table I continued 

Name of Station Tll T12 T13 T14 T15 

Phoenix 5 51 81 ,i 1 

Mondena 12 59 62 20 6 

Reno 12 60 62 20 5 

Boise 14 53 57 24 11 

Spokane 15 48 61 19 16 

Tll - Well above normal 

Tl2 - Above normal 

Tl3 - Near normal 

Tl4 - Below normal 

T15 - Far below normal 

The frequency of temperature anomalies shmm in the above table 

can be used as a reference in forecast. For instance, in Phoenix the f'ar 

below normal temperature occurred only once in 159 cases, so if in a con­

dition the temperature anomaly cannot be determined, whether it is below 

normal or far below normal it would be better to put it as below normal. 
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BASIC FORMULAE AND CALCULATIONS 

Problems in matching as applied to statistical research are 

of fairly recent origin. The meteorological use of matching teclmique 

was first applied by Professor Epstein (3) of CIT to some WIB forecasts 

in problems of forecast verification. During the war Dr. D. A. Darling 

made a study of connection between the analogue method of forecasting 

and the matching problem. The advantage of this technique lies in its 

ability to handle qualitative data which seems to be a more fruitful 

analysis than that of more localized continuous phenomena which of 

necessity may not include large scale concepts. The general fornmla 

for all the moments in any number of variables for any combination of 

matches was solved by Darling (4). 

The number of variables to be analyzed in the present problem 

are two. Let Tli' which represents the categories of the temperature 

anomalies of the principal station, be the first variable, and T2j, 

the categories of temperature of other stations, be the second variable. 

The data so classified can be tabulated as in Fig.' 2 where N is the 

number of weeks for which the analysis is desired. 

r -
1 2 3 4 

Tl2 i Tl5 ; Tl4 

T22 : T25 I T25 

: 
i ---
! 
I 
I ---1 

Fig. 2 

--- I ' 

1 N-1 N 

Tll ' Tl4 ! 
i \ i 

T23 j T22 _I 

Any one particular arrangement in Fig. 2 can be summarized 

into a two dimensional contingency table as in Fig. 3. 
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!
N N N ' N , N a 

11 12 13 I 14 i 15 1 
. . - ---~ 

I N N N 7 N . N - a 
21 . 22 23 24 ' 25 2 

----r --, -·-··· -. 

N N N N ' N a 
31 32 33 34 35 3 

·------------ -

N , N N N · N a 
41 ; 42 43 -- _/44_ ___ 45 4 

J N N N N N a5 
l 51 52 53 ; 54 55 

b b b b b N 
1 2 3 4 5 

Fig. 3 

The number N. . signifies the number of times in Fig. 2 that 
1J 

the Tli appears in conjugation with T . That is how many times the 

ith values of the first variable occurs with the jth value of the second 

variable. From the contingency table we can calculate the f ollowing: 

a.b. 
Mean matches M .. = ..2:...l 

1J N 
(1) 

Standard deviation of matches 

1 a.(N-a.) b. (N-b . )-} --- (3) 
u •• -(J. J. .l J ) 

J.J = N N-1 

Normal deviate 
N.. - M .. 

d. . . = _bl__ J.J 
J. J ij --- (3) 

The detail proof of the above forrmlla is shovm in the appendix. 

Set up the contingency tables of temperature anormalies of the 

preceding week for each selected station with respect to the principal 

station. CaJ_culate the normal deviate by the method sho\m in the last 

paragraph. One example of the calculation is shown in the appendix. 

Plot the corresponding calculated values for all the stations on a map 

and trace the contour lines. These contour maps show the relation 
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between the temperature anomaly of the principal station with that of 

other stations of the preceding week. 

In this study Nashville was used as the principal station. 

The temperature anomaly data used for the calculations were ta.ken from 

the Weekly Weather and Crop Bulletin (6) from 1935 to 1946. The season 

chosen was winter. The example of the calculation is shmm in the 

appendix. 
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INTERPRETATION OE CONTOUR CHARTS 

The charts shoi-m in the following pages are for the relation 

between the temperature anomalies at Nashville and temperature anomalies 

of preceding week at all other stations. The positive area of the con­

tour charts means they are positively correlated and vice versa. To 

malrn a forecast both the positive and negative relations can be used. 

The method of using these charts will be discussed later. 

a. Nashville - Well above normal during current week. 

Other stations - Well above norm.al during preceding week. 

The relationship is sho,m in Fig. 4. The well above normal 

temperature in the Basin area is due to continuous invasion of warm Pp 

air mass into that area. The fronts or troughs associated with the 

Pp air as in the E type (5) weather will be intensified after moving 

east of the Rockies, so more Tg air will be draim inland and thus raise 

the temperature at Nashville in the next week. This is the reason that 

the well above temperature anomaly at Nashville is closely related to 

the well above temperature during the preceding week L"'l the basin area. 

In the eastern part of the United States from the Mississippi 

Valley to the Great Lakes, the well above norm.al temperature is due to 
I 

returning Pc and Tg air. In such a condition there are two possibilities 

which could happen. (1) If the upper air shows a strong zonal flow 

there will be little chance of a Pc outbreak, so the temperature at 

Nashville will continue to be well above normal. (2) If it is meridi­

onal flow then a Pc outbrea'lc can occur only over western United States 
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with this normal deviate and it will be warm over Nashville the next week 

as indicated in A type (5) weather. 

b. Nashville - well above normal during current week. 

Other stations - above normal during preceding week. 

The relation between these two temperature anomalies is shown 

in Fig. 5. They are not strongly correlated and only a part of the Basin 

area and central United States are positively correlated. A weal< flow of 

Pp air into the Basin area with cloud cover will make the temperature 

above normal. Troughs associated with Pp air, as in E type (5) weather, 

may be intensified or redeveloped in the central United States east of 

the Rockies. Such a condition often continues for several days, and so 

may raise the temperature at Nashville by drawing in Tg air inland. 

The negative normal deviate on the east coast indicates a lack 

of above normal temperatures in the preceding week. Had above normal 

temperatures occurred, it would mean that the high temperature produced 

by RPc had been partly compensated by some Pc air. In the winter season 

the continuation of the Pc outbreaks is more probable, so the chance for 

well above normal temperature is small. 

c. Nashville - well above normal during current week. 

Other stations - near normal during preceding week. 

Fig. 6 shows the relation between the above two temperature 

anomalies. In the Basin area the near normal temperature can be ca.used 

by several conditions. If the heat of a warm Pp is compensated by night 

cooling, then the isobaric pattern in the Basin should be a stagnat~g 
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high, and there will be a ridge over the Basin at upper levels. In such 

a case the chance of Pc outbreak is favorable, so there is little chance 

for high temperature at Nashville in the next week. 

Sometimes the near normal temperature in the Basin is due to 

the combination of cold and warm air masses. In such a case the cold air 

drawn into the Basin area is only a part of the main Pc outbreak over the 

great plain. As there was a strong Pc outbreaJc in the last week and the 

ground is very cold, the temperature at Nashville could not be high during 

this week. 

The combination of warmed Pp air and Pc over Nebraska gives 

near normal temperature over that area. But the trough developed or 

intensified by the foehn action can hardly produce high temperature in 

Nashville, because it is too far north to draw Tg air north to Nashville. 

The positive normal deviates in zone VI are not the sole re­

quirement; that is, a near normal temperature anomaly in zone VI is not 

always followed by a well above normal over Nashville next week. But ii' 

the near normal temperature over zone VI is accompanied by well above 

normal temperature over the rest of the United States area, as indicated 

as a requirement by Charts 4 and 5, the temperature over Nashville will 

most probably be well above normal next week. 

d. Nashville - well above normal during current week. 

Other stations - below normal during preceding week. 

The relation between the above two temperature anomalies is 

shown in Fig. 7. When cold air comes down into the west coast, the 
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contingent part of Basin area troughs will be developed along the coast 

and these troughs will be intensified when they reach zone DT, as 

illustrated in type A weather. Tg air will be dram1 inland 'b:J this 

system, thus high temperature will be caused at Nashvi..1le. 

Below normal temperature in Texas is often due to a trapped 

Pc high cell over that area. The dissipation or movement of a trapped 

high cell is slow. In such a case the warm air can hardly get into the 

land owing to the blockade by that high cell, so there is no chance for 

high temperature over Nashville. 

The below normal temperature over the eastern part of the 

United States means Pc air has been prevailing during that period. 

Under such conditions, unless there is some evidence that some active 

troughs are coming into the southern part of the Basin and eventually . 
being intensified over the eastern side of the Rockies, the temperature 

will not be well above normal over Nashvi..lle. Besides the three above­

mentioned are?-s, the below normal temperature over the rest of the 

United States is not significant. 

e. Nashville - well above normal during current week. 

Other stations - far below normal during preceding week. 

The relation between the above two temperature anomalies is 

shot-m in Fig. 8. The normal deviate is positive over the Basin area, 

which means that the far below normal temperature in that area will be 

followed by a high temperature at Nashville during next week. Far 

below normal temperature is due to the presence of a Pc air mass. This 

is a typical A type weather pattern with Pc air invading western United 
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States. A strong surge of Tg air into Mississippi will follow and raise 

the temperature at Nashville. 

The normal deviat:e over zone VI is negative because, if the 

anomalies were normal, the ground would be too cold to be warmed up in 

a week, so there would be little chance to produce well above normal 

temperature at Nashville. 

f. Nashville - above normal during current week. 

Other stations - well above normal during preceding week. 

The relation between the above two temperature anomalies is 

shown in Fig. 9. Nearly the whole map shows positive correlation. The 

trough i..ri the northern part of the Basin area shown in the contour chart 

means that the Pp air associated with frontal activity over that part is 

too far north to produce any effect which can get the warm air into the 

area around Nashville; on the other hand cold air outbreaks are unlikely. 

This is the condition indicated by B type weather. 

The normal d EY v:ia. t e over the southern part of the Basin area 

is positive because the well above normal temperature over that area is 

due to the frontal activity associated with the warm Pp or Tp passing 

that area and the fronts will be intensified in the east side of the 

Rockies and will draw more warm Tg air into the area around Nashville. 

When the temperature over zone III is high, it means that the 

Pp air current coming down from the Rockies is strong, or in other words, 

the zonal flow is strong so the trend for Pc outbreak is small. Moreover, 

if the temperature over eastern United States is well above normal, then 

the ground is warm so the chance for above normal temperature in the 

next week is more favorable than for lower temperature. 
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g. Nashville - above normal during current week. 

Other stations - above normal during preceding week. 

The relation between the above two anomalies is shovm in 

Fig. 10. When the temperature anomaly over the great Basin and zone III 

is above norillal, it means· the Pp air flowing into those areas is not so 

strong as in the case of well above normal, or in other words, it is not 

a strong zonal flow. It is quite possible, with weak zonal flow, that 

some troughs, intensified over the great plains will induce a Pc outbreal{. 

In such a condition the temperature over Nashville will not be above 

normal. That is why the normal deviate is negative. 

In zone VI and a part of zone V the above normal tempera tu.re 

is due to the Tg and RPc air masses combined with a small amount of Pc. 

If the flow is meridional during the preceding week, mere must have been 

a Pc outbreak, which takes the route over the western part of the United 

States, otherwise there would not be above normal temperatures over zone 

VI. This is the case of type A weather, so there will be an above normal 

temperature over Nashville during the next week. If the flow is sonal, 

then there will be no trend for Pc outbreak and the temperature will 

remain the same as that in the last week. 

h. Nashville - above normal during current week. 

Other stations - near norrnal during preceding week. 

The relation between the above two temperature anomru.ies in 

shown in Fig. 11. In the Basin area the near normal temperature is 

often due to the stagnating Basin high. In such a condition there 

should be a ridge in the upper chart over that area, as indicated in 
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Bn type weather, and a persistance of such upper pattern is most likely. 

The chance for Pc outbreak is favorable, so the temperature at Nashville 

will not be above normal. If the near normal temperature is due to the 

combination of cold and warm air masses, then, as stated on page 13, 

there should be a strong Pc outbreak over the great plain. As there 

was a strong Pc outbreak during the last week and the cold ground could 

not be warmed up in a short perfod, the temperature at Nashville will 

not be high. 

i. Nashville - above normal during current week. 

Other stations - below normal during preceding week. 

The relation between the above two anomalies is sho'ltJil in Fig. 

12. The ma.x..iJnum normal deviate is over Nevada. Cold air coming down 

into the Basin area and west coast is the typical characteristic of 

type A. T-<;pe A weather will give above, or well above normal tempera­

ture over Mississippi Valley during the following week. 

A below normal temperature in eastern United States is due to 

prevailing Pc air mass over that area. In such a condition the zonal 

index should probably be ver-J low. The chanc,e for a sudden increase of 

zonal index from low to high is not lilcely, so the temperature over 

Nashville will hardly be above normal and the normal deviate must there­

fore be negative. 

j. Nashville - above normal during current week. 

Other stations - far below normal during preceding week. 

The relation between the above two anomalies is shm-m in 
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Fig. 13. The condition is nearly the same as in the case shown in Fig. 

12, which indicates the relation of Nashville above normal with respect 

to other stations below normal. 

In the eastern part of the United States the chance for above 

normal temperature after a period of very low temperature is small 

because the ground covered with snow is very cold and :i,t takes several 

days to warm up, so the normal deviate is negative. 

The contour chart in Fig. 13 gives a more distinct relation 

than that illustrated in Fig. 12 because the circulation in the case of 

far below normal is more intense than that of below normal, and the 

influence on the weather of next week will be more pronounced. 

k. Nashville - near normal during current week. 

Other stations - well above normal during preceding week. 

The relation between the above two anomalies is shovm in Fig. 

14. Well above normal temperature over zone I and zone II means the Pp 

air current flowing into that area is very strong, or in other words, it 

is a strong zonal flow so the chance for Pc outbreak is small, as indi­

cated in B type weather. At the sa."'Ile time the chance for Tg air flow 

inland is also small, because the trough produced b-f foebn effect over 

zone III is too far north to have any effect to pull the Tg air inland. 

With no warm air and no cold air coming into the eastern United States, 

the temperature will be near normal. 

In the area of zone VI a well above normal temperature means 

more Tg air flow inland, ·or, in other words, the zonal index of sub­

tropical easterlies is probably low. Chance for continuous flow of Tg 
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is favorable. So the temperature at Nashville could hardly be near normal. 

1. Nashville - near normal during current week. 

Other stations - above normal during preceding week. 

The relation of the above two anomalies is sho\m in Fig. 15. 

The general features are similar to Fig . lli-, but with the area of high 

normal deviate shifted to the southern part of the basin and the area of 

low normal deviate shifting north toward the Great Lakes. Whether the 

temperature over Basin area is above normal or well above normal depends 

upon the intensity of flow of Pp air into that area. With the assumption 

that the flow pattern for the two cases is the same, we can use the same 

argument as in Fig . 14 for the positive normal deviate over Basin area. 

That is~ the troughs associated with Pp air mass, after being intensified 

over the east side of the Rockies, will suck warm air up into Nashville. 

In the eastern part of the United States, above norm.al tempera­

ture is due to either Tg or return Pc. In either case the flow pattern 

is most probably meridional. That is, either a Pc outbreak or a Tg surge 

will follow, so the temperature at Nashville would not be near normal. 

m. Nashville - near normal during current week. 

Other stations - near normal during preceding week. 

The relation of the above two temperature anomalies is shown in 

Fig. 16. Ordinarily the near normal temperature anomaly is the transient 

zone between above normal and below normal, so it is hard to f'ind any 

significant trend for what will occur in the next week. 

In the central part of the United States the temperature will 

be near normal if there is neither strong Pc outbreak nor strong Tg flow. 
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In such a condition the flow is zonal and the chance for zonal flow in 

the next week is favorable, so the temperature at Nashville will not 

change too much from normal. 

The remaining part of the contour chart gives no significant 

relation. 

n. Nashville - near normal dur:ing current week'. 

Other stations - near normal during preceding week. 

The relation between the above two anomalies is shown in 

Fig. 17. The norm.al deviate over western United States is negative. A 

below normal temperature in the southern part of Basin area may be due 

either to the strong night radiational cooling or to the invasion of 

cold Pc. In the latter case it is like A type weather, and there would 

be higher temperature at Nashville the nextweek. In the former case a 

stagnating high is often associated with a ridge in the upper chart, so 

it is quite possible that a Pc outbreal: may follow in the next week. In 

both cases there will not be a near norrnal temperature. 

In the eastern part of zone VI the below normal temperature 

may be due to isolated Pc high cell located over zone VI. As soon as 

this Pc high cell moves slowly into the ocean, the return flow will 

gradually ~.alee the temperature up to near norm.al, so the normal deviate 

over this part is positive. 

In zone V the below normal temperature may be due to Pc 

outbreak with high cell centered over eastern Canada. In such a con­

dition the high cell is often elongated in an east-west direction rather 

than north-south, and stagnates for some period. Rarely will the cold 
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air influence the temperafu.re at Nashville. In case no other important 

factor occurs, the temperature at Nashville will be near normal. 

o. Nashville - near normal during current week. 

Other stations - far below nonnal during preceding week. 

The relation between the above two anomalies is shown in Fig. 

18. Nearly the entire chart gives negative normal deviate. A fa.r :below 

normal over great Basin is due to Pc invasion over that area. As shown 

in the characteristics of A type weather, it will be warm at Nashville 

in the next week, so the temperature anow..aly will not be near norrnal. 

The negative normal deviate over the eastern United States is not as 

low as in the western part of the Uni tea. States. This is because the 

return flow of Pc air may warm up the cold ground and raise the tempera­

ture to near normal, which would make the correlation less negative. 

p. Nashville - below normal during current week. 

Other stations - well above norrnal during preceding week. 

The relation between the above two anomalies is shown in Fig. 

19. When the temperature over Ba.sin area is well above normal, the zonal 

flor of Pp air is strong, so there is little chance for Pc outbreak. As 

shown by the negative normal deviate, the temperature will not be below 

normal. 

In the ea.stern United States from Mississippi Valley to Great 

Lakes the well above normal temperature is due to Tg and return Pc. In 

case of low zonal index, there should be a Pc outbreak over Basin area, 

and it will be warm over Nashville in the next week as indicated by the 
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A type weather. In case of high zonal index, there will be no Pc 

outbreak at all. In both cases the temperature over Nashville will 

not be below normal. 

The region of Texas is most often invaded by return Pc when 

eastern United States is dominated by Pc air. In other words, when the 

temperature over Te~as is well above normal the chance for lower temper­

ature is favorable, so the normal deviate is slightly positive. 

q. Nashville - below normal during current week. 

Other stations - above normal during preceding week. 

The relation between the above two anomalies is shown in Fig. 

20. The positive normal deviates are confined to the northern border 

states starting from Washington to Great Lakes. The above normal 

anomaly is due to the warm Pp air brought toward those areas by the 

traveling troughs. Troughs along the northern border may often induce 

Pc outbreak down to the United States. So the temperature may become 

below normal at Nashville if the temperature along the northern border 

of the United States was above normal in the last weeK. 

In the southern part of Basin and Texas the normal deviate is 

negative because if the temperature was above normal over those areas 

then the troughs associated with Pp air, as indicated by E t ype weather, 

would be intensified on the east side of the Rockies and Tg air would be 

brought in. So the temperature at Nashville will not be below normal. 

r. Nashville - below normal during current week. 

Other stations - near normal during preceding week. 
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The relation between the above two anomalies is sho't-m in 

Fig. 21. The normal deviate over great Basin is positive because, as 

interpreted in the preceding sections, the near normal temperature 

over great Basin will most probably be followed by a Pc outbreak into 

the great plain. As shown by the normal deviate, the temperature at 

Nashville will be below normal. 

The rest of the areas of the contour curves give no sig­

nificant characteristics. 

s. Nashville - below normal during current week. 

Other stations - below normal during preceding week. 

The relation between the above two anomalies is show.11 in 

Fig. 22. The diagonal line ' drawn from Florida to Montana divides the 

whole picture into two zones, one with positive norm.al deviate and the 

other with negative normal deviate. 

The positive normal deviate is over Utah, Colorado and New 

Mexico. As shown in AB type weather, a strong Pc outbreak brought into 

western United States following the first major trough makes the entire 

continent temperature below normal. A part of the Pc air sweeps into 

the eastern United States and a part of the Pc stagnate over the Basin 

area. The stagnating high tends to blockade the troughs traveling into 

Mississippi Valley, so there is no chance to warm up that area. 

A low negative normal deviate is over the area around Great 

Lakes. If this had been a positive normal deviate, then below normal 

temperature over that area would be due to a weak Pc outbreak. The 

returning Pc would eventually heat up the area at 'Nashville, therefore 
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the temperature would not be below normal during the next week, so the 

riormal deviate cannot be positive. 

t. Nashville - below normal during current week. 

Other stations - far below normal during preceding week. 

The relation between the above two temperature anomalies is 

shm,m in Fig. 23. A far below normal temperature over the Basin area 

is due to a Pc outbreak over that area. As indicated by A type weather, 

the temperature over Nashville wouid be above normal during the next 

week, so the normal deviate is negative. 

In the eastern half of the United States the far below normal 

temperature is due to a strong Pc outbreak. The cold ground covered 

with snow cannot be heated up within a short time, so the chance for 

below normal temperature is favorable. 

u. Nashville - far below normal during current week. 

Other stations - well above normal during preceding week. 

The relation between the above ti-ro anomalies is shown in 

Fig. 21,,. Nearly the whole picture shows negative nonnal deviate. The 

well above normal temperature over the zone of prevailing westerlies 

is due solely to strong zonal flow. The chance for abrupt change from 

zonal flow to meridional flow is very small, so there will be no low 

temperature over Nashville during the next week. This is why the normal 

deviate over the whole continent is negative. 

v. Nashville - far below normal during current week. 

Other stations - above normal during the preceding week. 
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The relation between the above two anomalies is sho1m in 

Fig. 25. The whole picture shows the same feature as Fig. 24. The 

only difference is that the two centers of the contour lines in the two 

figures are opposite in sign. One is a center of decreasing negative 

values while the other is a center of increasing negative value. The 

warrn Pp air associated with some troughs over the great plain may some­

times induce a Pc outbreak, which is why the center of normal deviate 

located on the west of the Great Lakes is less negative. 

w. Nashville - far below normal during the current week. 

Other stations - near normal during the preceding week. 

The relation between the above two anomalies is shown in 

Fig. 26. The normal deviate over the great Basin is positive because, 

as interpreted in the preceding sections, the near normal temperature 

over great Basin will possibly be followed by a Pc outbreak into the 

great plain. 

Along the eastern United States the near normal temperature 

may either be due to combination of Pc and RPc or due to Pp air mass 

as in B type weather. In both cases there would be no trend for strong 

Pc outbreak such that the temperature over Nashville will be far below 

nomal in the next week, so the normal deviate over eastern United 

States is negative. 

x. Nashville - far below normal during the current week. 

Other stations - below normal during the preceding week. 

The relation between the above two anomalies is shown in 

Fig. 27. A below normal temperature over the great Basin would often 
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be followed by warm temperature over the Mississippi Valley, as shown 

in the A type weather. So the temperature over Nashville vtlll not be 

far below normal. 

Below normal temperature over eastern United States means 

that a Pc high will predominate over that area. As it is a cold high, 

in the upper level there should be a trough, and at the same time there 

should be a ridge over the great Basin. In such a flow pattern the 

chance for continuation of Pc outbreak is favorable, so the normal 

deviation is positive over eastern United States. 

y. Nashville - far below normal during the current week. 

Other stations - far below normal during the preceding week. 

The relation between the above two anomalies is shown in Fig. 

28. Nearly the whole picture shows positive normal deviate. A strong 

Pc outbreak stretched from north to south over the great part of the 

United States means the zonal index is very low, so a continuous Pc 

outbreak is more favorable. Therefore, the normal deviate is positive. 

The trough of the contour lines stretched from Mississippi Valley to the 

Great Lakes is very interesting, because it is the path of RPc which 

tends to raise the temperature. 

The far below normal temperature over the east of the 

Appalachians is undoubtedly due to predominance of Pc air. As interpret­

ed in the last section, a trough should be in the upper level over that 

area and a continuous flow of Pc outbreak is favorable. 
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TECHNIQUE OF FORECASTrN"G 

The weekly temperature change of a certain locality is 

treated as the combined effect of the weather over different areas 

during the preceding week. An ideal cor--.celation of temperature cannot 

be obtained simply by two dimensional contingency tables. The number 

of possible combinations of temperature anomalies over different areas 

is immense; it is impracticable to get the multiple effect of them. 

Owing to the inadequacy of the two dimensional contingency table method, 

it is necessary to make some adjustment in using the contour curves to 

make a forecast. The following procedure has been used: 

(a) Draw the temperature anomaly chart of the preceding week. 

Shade the different anomalies with different colors. 

(b) Look at the synoptic map of the preceding week to get a 

clear idea of the causes of temperature anomalies at different localities, 

because different synoptic conditions can yield the same temperature 

anomaly. For instance, in the Basin area below normal temperature may 

be due either to strong night cooling or to invasion of Pc air. 

(c) Check the current weather pattern ·with the ideal weather 

types. Two different weather types may give the same temperature change 

in a certain area even though the air masses in the two cases are the 

same. For instance, both 4la (7) and 41b weather types have a stagnating 

high over the Basin area and cause the temperature to go slightly above 

normal, but one has Foehn effect over the east side of the Rockies while 

the other does not. 

(d) Pick up the areas of different temperature anomalies such 

as above normal, well above normal, etc. 
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(e) Combine some narrow transient zones and some small central 

spots to those large main areas surrounding them. 

(1) -J°F combine to belm.r normal . 

(2) .a.JOF combine to above normal. 

(3) -9°F combine to far below normal. 

(4) 1-9°F combine to well above normal. 

( 5) -10°F combine to above normal 

( 6) 1-10°F combine to below normal. 

( 7) 1-4°F and -4°F combine to normal. 

(f) Check the different areas of anomalies with the contour 

curves of normal deviate. If the area corresponds to the area of posi­

tive normal deviate, then we take the corresponding anomaly as our fore­

cast. It is impossible to get a complete coincidence of the temperature 

anomaly curves and contour curves. We can only make the forecast from 

those partially coinciding areas. If the coinciding area is too small, 

we discard it. 

(g) Use the negative area as a guide to exclude those temper­

ature anomalies which are negatively correlated. 

(h) Put more weight on the area of contour curves over the 

western part of the chart, because the change of weather in the eastern 

part has less influence on the weather of the following week. 

(i) Fut less weight on the corresponding area which is derived 

from the relation to near normal. Because near normal is the boundary 

zone between above normal and below normal, it is hard to determine the 

trend for what will happen in the next week. 
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(j) Repeat the foregoing process with different principal 

stations until enough points are obtained to determine the temperature 

anomaly of a certain are~. This step is very important, because the 

consistency of the forecasts for several neighboring stations makes 

the forecast more reliable. 
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EXAMPLES 

The following examples are made from the data from 1925 to 

1935 for winter season: 

(a) Figs. 29A and B show the forecast for well above nonnal 

temperature at Nashville by comparing the temperature anomaly chart 

with the normal, deviate charts. From Fig. 8 we find a positive area 

of normal deviate over the west of the Rockies corresponds very well 

with the area of well above normal over the same area. The well above 

normal area over southeastern United States shevm on Fig. 29A corre­

sponds very well with the positive normal deviate over the same area 

shovm in Fig. 4, Both cases suggest that the temperature of the follow­

ing week will be "well above normal 11 , and it is checked correctly as 

illustrated in Fig. 29B. In JOA the well above normal over the area 

west of the Rockies corresponds very well with the positive normal 

deviate over the same area, but the far below normal ove_r southeastern 

United States corresponds with the negative normal deviate over that 

area. In such a condition we choose the western part as the fore­

casting reference. As shovm in Fig. JOB it is checked correctly. 

(b) In Fig. 31A the far below normal over midwest and 

central United States corresponds very well with the positive normal 

deviate over the same area shovm in Fig. 28. A transient belt of 

below normal temperature surrounding that area can be regarded as far 

below normal temperature, because they are approximately due to the 

same air mass. The near normal temperature over the east coast of the 
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United Sta£es corresponds with the negative normal deviate over that 

area as shown in Fig. 26. In such a condition we discard the reference 

area of near normal temperature. From Fig. 28 we get the forecast 

temperature as 11 far below normal" and it is checked correctly as shown 

in Fig. 31B. 

(c) In Fig. 32A the above normal over the area west of the 

Rockies corresponds with the positive norm.al deviate over the same 

area in Fig. 15. The below normal over eastern United States corre­

sponds with the positive normal deviate over that area in Fig. 17. 

Both cases indicate that the temperature of the following week will be 

"near normal", and it is checked correctly as shown in Fig. 32B The 

far below normal over Texas, Oklahoma and lower Mississippi Valley is 

probably due to an isolated Pc high cell and will not give too much 

influence to the temperature in the following week, so we discard it. 

(d) In Fig. 33A the near normal temperature over the area 

west of the Rockies corresponds very well with the positive normal 

deviate over the sa.11e area in Fig. 21. The above normal temperature 

over the midwest and normal pa.rt of the Great Lakes corresponds fairly 

well with the positive normal deviate in Fig. 20. In both cases the 

temperature will be 11 below normal II and it is checked correctly as sho'Wll 

in Fig. 33B. The near normal temperature over the rest of the area 

gives no significance. 
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(e) In Fig. 34A the well above normal over the Basin area 

and Texas corresponds very well with the positive normal deviate over 

the same area .in Fig. 4. In the same two figures the well above normal 

over eastern United States corresponds very well with the positive 

normal deviate over that area. However, the forecasted temperature 

contradicts the observed value. The main reason is that the activity 

of troughs associated with Pp air is too far north, as indicated in 

precipitation chart, Fig. 34C. It not only cannot pull warm Tg air into 

the Mississippi Valley, but may also induce a Pc outbreak over the great 

plain. By no means will it produce high temperature over Nashville. 

From Fig. 14 it shows that high temperature over northwestern United 

States will be followed by near normal temperature at Nashville, and it 

is checked right in Fig. 34B. The well above normal temperature over 

eastern United States corresponds to the negative normal deviate over 

that area in Fig. 14. But as the weather of the eastern part has less 

effect on the temperature at Nashville, it is better to take the area 

over western United States as the forecast reference. 
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. CONCLUSION 

The results of the contour curves have been checked with the 

data from 1925 to 1935. As a forecasti..~g technique it can be claimed 

seventy per cent reliable, checked for the right sign. As the upper 

charts play an important role on the weather and as in this work there 

is no direct consideration of the upper charts, it is obvious that 

sometimes this method may fail in forecast. However, it should be 

pointed out that one method cannot be used indiscriminately at all 

times; the forecast problem is really a synthesis of several tools. 

The advantage of this method is that it can be used objective­

ly without too much ambiguity. In the five-day forecast procedure of 

the United States Weather Bureau there is the difficulty of determi­

nation of the route of Pc outbreak, because the zonal index does not 

show what longitude the outbreak will take. In the weather type method 

there is also a difficulty in determining the following weather type 

during transient period. 

The circulation over Canada and eastern Pacific has very 

:important effects upon the weather over western and northern parts of 

the United States. It is necessary to include those areas in working 

this problem if the data are available. 

The mean flow patterns of two consecutive weeks are undoubtedly 

very closely correlated. The result will be :improved if the pressure 

anomalies are used as reference to forecast the temperature anomalies. 
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APPENDIX I 

Derivation of equations (1) and (2). 

As it is dealing only with a single cell out of the N by K 

contingency table each time, so the problem is actually a 2 by 2 case. 

Let T11 be one of the values of variable T1 

Then a 

T12 represent the rest of the values of variable T1 

T21 be one of the values of variable T2 

T22 represent the rest of the values of variable T2 

N11 = number of times T11 and T21 occur together 

N12 = number of times T11 and T22 occur together 

N21 = number of times T12 and T21 occur together 

N22 = number of times T12 and T22 occur together 

~ = number of times T11 occurs 

a2 = number of times T12 occurs 

bl = number of times T21 occurs 

b2 = number of times T22 occurs 

contingency table can be made from these relations. 

T21 T22 

Tll Nll Nl2 ~ 

Tl2 ; N21 N22 a2 
-

bi b2 N 

Fig. 36 
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From Fig. 2, the equally likely occurrence of T11, T12, T21 

or T 22 is (N !) 2 , because there are N chances in each category. Out of 

(N!)2 variants a1 ! a2! b:i_! b2! are the same, so the probability of 

getting Fig. 2 is 

(a.l) 
al! a2! b:i_! b2.:_ = 1 

' (N ! )2 N N 
(al) ( b:i_) 

where 
N N 

(~) = N! = N! ; (bi) = _Jil._ . 
;!(N-a1)! a1!a2! bi!b2! 

Out of the (N!) 2 arrangement of Fig. 2 there are 

(a.2) N! 

leading to Fig. J6. The joint probability of getting Fig. 2 and Fig. 36 

:Ls the product of (a.l) and (a.2), 

(a.3) 
~! a2! bl! b2! 

(N ! )2 

N! !! 1 . ~ ! a2 ! bi ! b2 ! 
N! Nll! Nl2! N21! N22! 

Let m = number of matches in the upper left cell of Fig. 36 

Probability of m matches is then 

(a.4) 
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The accumulating probability is 

b1 1 b1 
(a.5) P(m) = ~ p(j)=(N) I:(;) (!=r) for bl~~ 

J-m a1 j=m 

for a 1E- b 
1 1 

a., a., b1 bi m. 
The coefficient of the term d. d., o ,Q ., in a multinomial e:x"J)ansion 

/ l f-1, /_,:,. ~ 

of 

(a. 6) 
a i a2·' h...' b2' N 

F(oc',/3,z)= l· ~.L ·(e1..,~
1
Zfd.2~

1
fol.

1
foJ.fal.2/31) 

(N ! )2 

= al! a2 ! bi! b2 ! Z7 ___ N ___ ! __ _ 

(N!) 2 Nll! N21! Nl2! N22! 

Al11 N2, ~l. Ni. l 

'(cl.I ~I 'j.) (di2 #) ( rd.J/3:J (d.if J 

is equal to P(m), where N11 + N21 + N12 + N22 = N. If we have a function 

(a.7) Y'(z)= ~ j zj-1 p(j) 
j=o 

/ 

b1 
Then the first moment/½ ... 'f 1(z) = -~ 

z=l J=o 
jp( j) 

Hence the mean nurnber of matches can be found by differenciating 

F (ol..,j3. Z) with respect to z 

(a.8) oF / _ 
'2).2, 2= I -

Put 

N-j-l=N-91 N-k-l=N-b:i_ 



Then 

(a.9) 
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a, a2! b1! b2! N - 1 µ, = 1 • ( ) 
(N! )2 • a1- 1 

= a1} a2! bi! b2! . 
(N ! )2 

From (a.7) we get 
bl 

(a.10) 

Since 

lf'c_z) lz=1 = 

bi 

.L j(j-1) p(j) 
j=o 

= .:z= j2 p(j) - ~J 
j:o 

it is easy to show as in (a.8) and (a.9) that 

(a.11) 

and 

_,,,. 

bl 
E j(j-1) p(j) = a1b1(a1 - 1) (b1 - 1) 
j=o N(N-1) 

2 ' . 2 
U : z (J-~1) p(j) 

- ·2 ( ') l = 2.., J p J - µ, 

::; 
a1bi(a1-l) (bi-1) 

N(N-1) 
4- a1b1 

N 
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APPEN1)IX 2 

A..'11. example of the calculation 

-----T 
T 2j 

T21 T22 T23 T T25 li 21+ 

Tll 4 0 4 2 2 12 

Tl2 15 2 7 7 4 35 

T13 25 12 10 10 6 63 

T14 5 12 4 3 5 29 

___ '!_t_s 1 2 4 4 9 20 
__ ,_,,_!,,,.. 

50 28 29 26 26 159 

In the above contingency table T2j refers to the temperature 

anomalies at Bismarck and Tli refers to the temperature anomalies at 

Nashville. To get the relation between each combination of Tli and T2j 

we first set up a two by two contingency table which includes the cell 

to be tested, and then calculate the normal deviate. 

Relation between T11 and T21: 

E[J 12 

147 

50 109 159 

: 20 X 12 = 3.78 
159 

1 
0: : _l_ ( 20 X 109 X 142...2£..12 ) 2 = 1 55 
ll 159 158 • 

cJ.. 1 t = ~ - 3 • 78 - o lL, 1. 55 - • ~ 

All the other combinations between Tli and T2j can be treated in the same 

way. 
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APPENDIX 3 

Skill Score 

The result has been checked with 127 cases and it shows that 

about 84 cases are hit under the correct sign. Cases of far below 

normal are combined to below normal and cases of well above nomal are 

combined to above nomal. The checked result is shown in the following 

contingency table: 

'-...___,,obs i 

Fest'"-j 
A.N. N.N B.N 

A.N. 27 7 3 i 37 
-- -

' N.N 5 33 13 I 51 : 

B.N 7 8 l 24 39 
--·--·--·--··--·-··-·-·- -·--•¥ I ----··-~-

39 48 40 127 

Expected value= ..2.'.Z t 39 + 51 • 48 + 40 • 39 
127 

Skill score 

= 42.9 

= M - 42.9 
1'27- 42.9 

= 0.48 

The skill score is a little higher than it should be. It 

would be about 0.3 if the result had been checked according to correct 

category. 


















































































